Abstract. A significant decrease in the rate of thermal-oxidative processes occurring in bitumen and directly in a thin film on the surface of mineral materials for preparing warm asphalt concrete has been determined. This is due not only to decrease of the temperature of the bitumen and bituminous mixture, but also to the inhibitory effect of temperature-reducing additives. In turn, the decrease in the intensity of warm asphalt concrete aging during the preparation, transport and laying will positively influence the increase of pavement life.
Introduction
The production of hot bituminous mixtures is carried out by mixing bitumen with stone material at temperature of 160 -170° C. At these temperatures, there is an interaction of a thin layer of bitumen with oxygen, which leads to the intense aging of bitumen. The rheological characteristics of bitumen after its short stay in high temperature zone at combining with stone material alter considerably greater than after the subsequent long-term presence in the composition of the pavement, where the temperature does not exceed 70° C [1] . The process of structure formation of asphalt concrete is completed at its compaction, at each stage of which there are quantitative changes of structural and rheological properties of the binder. In the operation of the asphalt pavement the structure and properties of bitumen are influenced actively by the oxygen and air temperature. The properties of bitumen may alter as a result of evaporation of low molecular weight substances in its composition, as well as due to changes in the chemical composition of components, accompanied by the tearing-off of side chains and the formation of free radicals.
One of the effective ways to slow down the aging rate of bitumen is to reduce the preparation temperature of the bituminous mixture.
In recent years, the research and implementation of road construction warm asphalt mixes, the production of which due to the use of foamed bitumen or the introduction of special additives may decrease the preparation temperature by 20-40° C, have been actively developing. This reduces the amount of energy consumption and the polluting emissions, increases the plant productivity and asphalt transportation distance, as well as the duration of the construction season [2] [3] [4] [5] .
Many researchers point out the reduction of the bitumen oxidation rate at using warm asphalt mixes, but the effect of temperature-reducing additives on slowing down the intensity of bitumen and asphalt concrete aging has been understudied.
The Experimental Part
The aim of the research was to study the effect of energy-efficient additives «RAA-TA» (road adhesive additive for the warm asphalt concrete) on the alteration of physical and mechanical properties of bitumen and asphalt concrete at various modes of its use.
The object of research was the road bitumen of grade 60/90. As a temperature-reducing additive there was used the RAA-TA at the concentration of 0.4% by weight of bitumen [4] .
The research of physico-mechanical properties of the binder was carried out before and after thermostating in a thin layer in V066-01 aging furnace. The aging intensity was assessed by changes in penetration, extensibility, softening and brittleness temperature and the dynamic viscosity. Tab. 1 shows the effect of thermostating of the road petroleum bitumen grade 60/90 for 5 hours at 163° C. The analysis of the results shows that the greatest change as a result of the temperature effect on the asphalt was undergone by such indicators as penetration, extensibility, dynamic viscosity. Moreover, the introduction of additives produced a significant slowdown in the binder aging intensity. As a result of the heating the penetration of bitumen without additive has increased by 28.4%, and with the additive by 17.5%, the elongation -by 38.9 and 25.7%, respectively. The greatest impact of the thermostating and introduction of energy-efficient additive was produced on the value of dynamic viscosity. This index after aging of bitumen without additive has changed from 381 to 1263 Pa • s, i.e., by 3.3 times, whereas with the additive -from 553 to 1480 Pa • s, i.e. by 2.7 times.
Thus, the RAA TA-1 additive is an inhibitor of bitumen aging. The indicators of softening temperature and of brittleness temperature due to aging have only slightly changed. Consequently, they cannot serve as an evaluation criterion of a binder's aging.
The influence of asphalt mix preparation temperature on the aging of bitumen in the presence of additives and without them has been researched.
The results shown in Figure 1 indicate that the reduction of temperature, as would be expected, results in the slowing of thermal-oxidative processes. The rapid change in penetration and extensibility of the binder is observed at temperature above 120° C, and the introduction of additives significantly reduces the intensity of bitumen oxidation. The alteration of penetration of bitumen without additive after heating at 90° C and 100°C against the original amounts to 5.5%, and with the additive -to 2%. As a result of thermostating at 160° C this index is increased by 22 and 12%, respectively. Figure 1 . Alteration of bitumen properties at its exposure to high temperatures.
The similar results were obtained at the study of changes of extensibility rate as a result of aging, but the alteration of this indicator is more considerable than of the penetration.
Therefore, the preparation of hot asphalt mixture using the temperature-reducing additives significantly reduces the rate of bitumen aging. In this case, the positive effect on slowing the thermal-oxidative processes is produced not only by the reduction of the mixture's temperature, but also by the inhibitory effect of the used additives.
It is well known that the intensive aging of the bitumen begins at the stage of preparation of asphalt mixtures in the process of unification of bitumen with mineral materials, heated to high process temperatures [1] . At the same time the rate of asphalt concrete aging is much higher at heating in the loose condition than in compacted samples, which is obviously connected with the greater availability of air to the bitumen films [6] . Furthermore it is known that regardless of the mixture composition and its quality the aging process in bitumen films is greatly accelerated at 160° C and above [7] . The aging of bitumen films deteriorates the ability of the mixture to compact, which leads to the reduction of physical and mechanical properties of asphaltic concrete.
In the present study we have researched the aging of bitumen containing a temperature-reducing additive under the influence of process temperatures in the process of preparing asphalt mixtures ( Figure 2 ). The effect of additives under research on the aging processes in bitumen asphalt concrete was evaluated in the process of preparation by the alteration of compressive strength of test samples at 0 and 50° C. The changes of the asphalt concrete properties were studied on samples prepared immediately after mixing, and after thermostating of the mixture at the process temperature during the intervals from 30 minutes to 2 hours. The samples without additives were stored at temperature of 155° C, and with the additive -at temperature of 120 and 130° C. The tests were conducted as follows: an asphalt concrete mixture of type B after the complete mixing was kept in a laboratory mixer for a specified time, after which the samples were taken and the standard samples were made, which were then tested according to the procedure of State educational standard №9128-2009 in a day after molding.
As it is seen from the graphs, the increase of strength of a mixture with the additive, prepared at 120 and 130 ° C, is lower than of the mixture prepared without additives at 155° C. Moreover, the intensity of durability increase of the asphalt concrete samples prepared of a mixture with additive is lower than of the mixture without the additive. So, after 1 hour of thermostating of the asphalt mix without additive the tensile strength index at 50° C has increased by 11%, and for the mix with the additive it has increased by 3 and 7% at the thermostating temperature 130° C and 120° respectively. At testing specimens at 0° C the strength increase amounted to 14% without additive, and 7 and 5%, with the additive respectively. After 2 hours of testing the tensile strength index of asphalt concrete without additive increased by 20% at 50° C, and with the additive -by 12% and 8%. When testing specimens at 0° C the strength increase amounted to 23% without additive, 13 and 7% with the additive respectively.
Conclusion
Thus, there was observed a significant decrease in the rate of thermo-oxidative processes occurring directly in the bitumen and in the thin film on the surface of mineral materials in the process of preparation of warm asphalt mixtures. This is not only due to the decrease in the temperature of bitumen and asphalt mix, but also to the inhibiting action of temperature-reducing additives.
The decrease in the aging intensity of warm asphalt mixtures in the process of preparation, transportation and laying, in its turn, will positively affect the increase of pavement service life.
